Background: Data on characteristics, comorbidities, health outcomes, and treatment patterns of patients with atrial fibrillation (AF) in Japan are scarce. The aim of this study was to address this gap in order to better understand the characteristics of Japanese AF patients. Methods and results: The 2008−2010 Japan National Health and Wellness Survey data sets were used in this study (N = 60,015). Demographics, health characteristics, stroke risk (using the CHA 2 DS 2 -VASc score), comorbidities, and health outcomes were all assessed. A total of 565 patients (0.94%) self-reported a physician diagnosis of AF. Patients with AF reported a number of comorbidities, including another cardiovascular condition (87.08%), a urological condition (67.79%), and dyspepsia (37.35%). Patients with AF also reported significantly worse health status and significantly more resource use than did controls. Based on the CHA 2 DS 2 -VASc score, most patients (88.50%) were at either moderate or high risk, yet only 64.25% of patients were currently being treated. Among those not currently treated, 42.57% had discontinued previous treatment. Among those currently treated, over a third reported nonadherent behaviors. Conclusion: Despite the disease burden and the high risk for a future stroke, not all patients are being treated according to guidelines. This treatment gap highlights the need for better therapeutic alternatives, in order to improve the management of patients with AF, in Japan.
Background
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and is associated with substantial morbidity and mortality. 1 In Japan, AF is estimated to be present in 0.65% of the population. 2 As in the West, the prevalence of AF increases with age, with 4.43% Japanese men and 2.19% of women 80 years or older affected.
AF is independently associated with an increased risk of stroke, thromboembolism, and congestive heart failure. 3 However, even before the onset of major sequelae, patients with AF may exhibit deficits in health status because of both symptom presentation (eg, palpitations, dizziness, breathlessness, exercise intolerance, and fatigue) and abnormal autonomic function itself. 4, 5 Compared with age-matched controls, van den Berg et al found patients with AF to exhibit significantly lower mean Short Form (SF)-36  Health Survey (QualityMetric Inc, Lincoln, RI, USA) scores on all subscales except bodily pain. 5 Kang and Bahler reported similar findings. 6 The burden of AF also translates into substantial economic costs. In a systematic review, Wolowacz et al found direct costs ranging from $2000 to $14,200 per patientyear in the US, and €450 to €3000 in Europe. 7 Hospitalizations accounted for the majority of these costs, which are comparable to those of other chronic conditions, such as type 2 diabetes mellitus. 7 Indirect costs are also high in AF. Utilizing a large employee database, Rohrbacker et al found that employees with AF took significantly more sick leave and short-term disability than did healthy controls. 8 Annual benefit costs paid to AF employees exceeded those paid to non-AF employees by a mean $3958. 8 In order to limit cardiovascular complications, patients with AF are often administered antithrombotic medications. Unfortunately, antithrombotic agents increase the risk of bleeding; therefore, patients and their physicians must weigh the risks and benefits of managing AF with such treatments. 9 Several risk scores (eg, CHADS 2 , CHA 2 DS 2 -VASc, and HAS-BLED) have been proposed to inform physicians about which patients have greatest need for treatment. 10 Nevertheless, research from other geographic areas suggests a substantial gap between risk status and appropriate treatment. 11 Even among those treated, between 25% and 50% of patients were nonadherent, as defined by either medication possession ratios or proportion of days covered less than 0.80. 12 Despite existing literature on the burden, costs, and risk profile of patients with AF in the US and Europe, much less is known about patients with AF in Japan. Information on comorbidities, health outcomes, and treatment patterns of patients with AF in Japan is scarce. Given the aging population in Japan, AF will be an increasingly important condition from a public health perspective. No study, to our knowledge, has used a population-based health survey to understand the characteristics of patients with AF in Japan, and the current paper addresses this gap. Examining the similarities and differences with studies conducted in the West can help illuminate the unique considerations that are relevant to the Japanese patient when making treatment decisions.
Methods

Data source
The current study used data from the 2008, 2009, and 2010 Japan National Health and Wellness Surveys (NHWS) (Kantar Health, New York, NY, USA), an annual, crosssectional study of adults aged 18 years or older. The NHWS includes epidemiological data, treatment information, information on health risk behaviors, and health-related outcome data. Potential respondents to the NHWS are recruited through an existing web-based consumer panel. The consumer panel recruits its panel members through a variety of means, including opt-in emails, coregistration with panel partners, e-newsletter campaigns, Internet banner placements, and similar methods. All panelists must explicitly agree to be a panel member, register with the panel through a unique email address, and complete an in-depth demographic registration profile. The Japan NHWS was approved by an Institutional Review Board (Essex IRB, Inc., Lebanon, NJ, USA), and all respondents provided informed consent prior to participating. Modest compensation was provided for the respondents who completed the survey.
Using a stratified random sample framework (with quotas based on gender and age), the demographic composition of each year's Japan NHWS samples is comparable to that of the Japanese adult population. 13 Because the NHWS uses random sampling with replacement each year, a subset of 2008 respondents also completed the survey in 2009 and 2010. Similarly, a subset who completed the survey in 2009 completed the survey in 2010. In these instances, only the most recent data point for each respondent was included so as to avoid more than one set of data from the same respondent.
Sample
A total of 60,015 unique respondents completed the 2008, 2009, or 2010 Japan NHWS and were included in the analyses. Among them, 565 reported a physician diagnosis of AF.
Measures Sociodemographics
Age (in intervals: 18 to 39 years, 40 to 49 years, 50 to 59 years, 60 to 69 years, 70 years and older), sex (male vs female), education (college educated vs less than college educated), employment (currently employed vs not currently employed), and annual household income (less than ¥3,000,000, ¥3,000,000 to ¥4,999,999, ¥5,000,000 to ¥7,999,999, ¥8,000,000 or more, and decline to answer; these response choices approximately correspond to $30,000, $30,000 to $49,999, $50,000 to $79,999, $80,000 or more, and decline to answer) were included. Out-of-pocket costs for medications and physician visits were also assessed. 25 .0 and ,30.0, obese or BMI 30 or greater; decline to answer) were assessed for all respondents.
Comorbidities
The Charlson Comorbidity Index (CCI), 14 which provides a summary score of the overall comorbidity burden of each respondent, was calculated based on self-reported comorbidities. A history of myocardial infarction, treatment for myocardial infarction, and diagnosed renal impairment were also assessed as individual conditions of interest. Comorbidities were also examined by the following clusters (either presence or absence of a condition in that cluster), as done in prior research: 15 
AF history
Diagnosis of AF, years diagnosed with AF, frequency of symptoms (one episode vs two or more episodes that last at least a week), self-reported AF symptom severity (in response to the question "How would you characterize your atrial fibrillation symptoms?," where possible answers were: mild, moderate, or severe), and stroke risk, as measured by both the CHADS 2 score and CHA 2 DS 2 -VASc score (low, moderate, or high risk) were all assessed. 16 
Medication history
Current antithrombotic agent (acetylsalicylic acid [ASA] only, ASA and warfarin, or warfarin only) and other AF medications (rate control or rhythm control) were included in the analyses. Among patients who were currently untreated, the proportion who had been on a treatment previously was reported. Among patients who had never been treated, the proportion who were never recommended a prescription medication for their AF by a physician was also reported. The total number of medications for their AF was included along with treatment satisfaction (only among medication users) and medication adherence (only among medication users). Adherence was assessed using the self-reported Morisky Medication Adherence Scale (MMAS), 17 tailored specifically to AF. Adherence was categorized as completely adherent vs nonadherent.
Health outcomes
The Medical Outcomes Study 12-Item Short Form (SF-12v2  ) (QualityMetric Inc) Survey Instrument was used as a generic health status instrument. 18 The Japan-specific version of this instrument was used. 19, 20 The physical component summary and mental component summary scores along with health utilities (SF-6D; QualityMetric Inc) were included in the analysis, with higher scores indicating better health status. Prior research has suggested that a 3-point and 0.03 difference in the summary scores and health utilities, respectively, corresponds to a clinically-meaningful change defined as "the smallest difference that patients perceive as beneficial and which would mandate, in the absence of troublesome side effects and excessive cost, a change in the patient's management." 21, 22 The Work Productivity and Activity Impairment (WPAI) questionnaire (Margaret Reilly Associates, Inc, New York, NY, USA) was used to assess absenteeism (the percentage of work time missed because of one's health in the past 7 days), presenteeism (the percentage of impairment experienced while at work in the past 7 days because of one's health), overall work productivity loss (an overall impairment estimate that is a combination of absenteeism and presenteeism), and activity impairment (the percentage of impairment in daily activities because of one's health in the past 7 days). 23 Only respondents who reported being full-time or part-time employed provided data for absenteeism, presenteeism, and overall work impairment. All respondents provided data for activity impairment. The number of physician visits, Emergency Room (ER) visits, and hospitalizations in the previous 6 months were reported by all respondents.
Statistical analysis
Description of Japanese AF patients Among all patients who reported a diagnosis of AF, the distributions of the independent variables above were reported. Frequencies and percentages were reported for categorical variables, and means and standard deviations were reported for continuous outcomes. Comparisons between patients without AF were made on sociodemographics, health behaviors, and overall comorbidity burden, using Chi-square tests and t-tests for categorical and continuous variables, respectively.
The burden of AF
Adjusted differences, between those with and without AF, were assessed using general linear models (for health status) and generalized linear models (for work productivity and health care resource use). The latter models (specifying a negative binomial distribution and a log link function) were used to correctly handle the inherent skewness of those variables. All regression models were controlled for age, gender, education, household income, body mass index, exercise behavior, and the CCI. The a priori cutoff for statistical significance of predictors in the regression model was set at P , 0.05.
AF treatment patterns
Current treatments and treatment history were reported descriptively. General linear models were conducted to predict medication adherence from medication satisfaction and number of medications, controlling for age, out-of-pocket costs (both physician and medication costs), use of a rhythm medication, and comorbidity burden. These variables were selected because they were the only variables in a bivariate analysis (not reported) to be significantly associated with adherence. The a priori cutoff for statistical significance of predictors in the regression model was set at P , 0.05.
Results
Patient characteristics
Of the 60,015 respondents who completed the 2008, 2009, or 2010 Japan NHWS, a total of 565 respondents (0.94%) reported being diagnosed with AF by a physician.
Compared with patients without AF, these patients were older (64.69 vs 49.15 years) and more likely to be male (83.54% vs 53.51%), to have a university education (67.08% vs 60.91%), to be unemployed (66.73% vs 42.42%), and to have a lower household income (52.92% vs 42.45% had an income of ,¥5,000,000, which corresponds to approximately $50,000) (all P , .0001) (see Table 1 ). Patients with AF also reported significantly higher out-of-pocket costs for both physician visits and medications.
Patients with AF reported a significantly higher body weight (64.43 kg vs 60.26 kg) and were more likely to be a former smoker (49.91% vs 26.26%) and to currently exercise (58.94% vs 48.34%) (all P , .0001) (see Table 2 ). Patients with AF had a greater overall comorbidity burden (as assessed with the CCI). A total of 87.08% of patients with AF also reported another cardiovascular condition, such as hypertension (38.76%), and 67.79% reported a urological condition, such as overactive bladder (28.72%), 37.35% reported dyspepsia, and 32.74% reported pain (see Figure 1 ). Additionally, 7.79% of patients with AF reported a previous myocardial infarction, while 2.65% and 1.77% reported chronic kidney disease and moderate-to-severe renal disease, respectively. Patients with AF had been diagnosed a mean of 10.35 years previously, and most patients reported their symptoms severity as mild (56.99%) (see Table 3 ). The majority (53.10%) of patients were at high risk for a future stroke, based on the CHA 2 DS 2 -VASc score (a score of 2 or higher), as compared with 19.12%, based on the CHADS 2 score (a score of 2 or higher) (see Figure 2 ). Indeed, the CHA 2 DS 2 -VASc score is a refinement of the CHADS 2 score, which incorporates more risk factors. In our sample, treatment with anticoagulation varied from 16.92% to 31.50% to 34.00% for those at low to moderate to high risk, respectively, based on the CHA 2 DS 2 -VASc.
Burden of those with AF
After adjusting for sociodemographics, health history, and comorbidities, patients with AF reported a significantly and clinically-meaningful burden with respect to both physical component summary scores (46.65 vs 50.54) (P , 0.0001) and health utilities (0.73 vs 0.76) (P = 0.0005) (see Table 4 ). Those results contrast with the results of Table 3 , where 56.99% of patients with AF reported their symptoms to be mild. This gap suggests that patients with AF downplay their symptoms, and it emphasizes the importance of proper explanation of the potential complications of the disease. No differences were observed with respect to the mental component summary scores.
Although the number of ER visits was not significantly different between the two groups, patients with AF did report significantly more physician visits (8.45 vs 5.15) (P , 0.0001) and hospitalizations than did controls (1.33 vs 0.49) (P = 0.0052). Patients with AF also reported significantly more activity impairment, relative to controls (26.35% vs 17.59%) (P , .0001). 
Treatment patterns
A total of 35.75% of patients with AF were "currently untreated" with any prescription treatment for their condition; among them, 42.57% had discontinued treatment, though the reasons for discontinuation are not known (see Figure 3 ). Among patients who "have never been treated," the majority (83.96%) stated that treatment had never been recommended to them. Among those patients who never used treatment nor had treatment recommended, the risk for stroke was just as high as among the overall AF population (55.06% were at high risk, according to the CHA 2 DS 2 -VASc score).
Of those who were currently treated, 48.48% were using warfarin, 40.50% were using a rate control medication, 21.49% were using a rhythm control medication, and 9.36% were using aspirin, (the percentages totaled to more than 100% due to medication overlap). Over a third (36.59%) of patients who were currently treated by any prescription medication for AF reported some level of nonadherence, based on the MMAS. Even after adjusting for age, out-ofpocket costs, use of a rhythm medication, and the comorbidity burden of the patient (other factors that were significantly associated with adherence), the number of medications (b = 0.13) (P = 0.003) and treatment satisfaction (b = -0.12) (P = 0.03) were significantly associated with adherence. Specifically, a reduced number of AF medications and increased treatment satisfaction were significantly associated with greater adherence (see Table 5 ).
Discussion
Similar to those in other geographic areas, patients with AF in Japan were older and carried a greater comorbidity burden than did patients without AF. 11, 14 Through a combination of their behaviors (eg, smoking) and health characteristics, most patients were at moderate-to-high risk for a future stroke.
However, the Japanese AF population differs from that in other regions, with a more dramatic gender split and a lower body weight. Research in Europe and the United States has reported approximately 60% of patients with AF are male, 11, 15 whereas our current study reported over 80%. With 69% of patients being male, the Japanese J-RHYTHM registry 24 has provided further evidence supporting the gender split difference. Of note, the J-RHYTHM registry included only patients treated by specialists, whereas the NHWS included a broader patient population. It remains unclear the extent to which this discrepancy is reflective of the underdiagnosis of females or the natural course of AF, in Japan. Perhaps women in Japan disproportionately have fewer AF-related risk factors compared with women in other regions. Further research would be necessary to explore this hypothesis. The body weight for patients with AF in the current study was similar to the body weight found among patients in a related Japanese clinical trial (J-ROCKET AF trial) 25 as well as in the Japanese subanalysis of international trials (RELY, ARISTOTLE-J). 26, 27 These figures were roughly 20% lower than what was reported in international (ie, non-Japanese) trials (ROCKET AF, RELY, ARISTOTLE). [27] [28] [29] [30] These results suggest that, in addition to other consideration, such as the CHA 2 DS 2 -VASc score and comorbidities, body weight is an important factor to consider for proper treatment of Japanese patients with AF. Similar to research findings from other regions, 5,6 our results suggest that AF is significantly associated with worse health status, even after adjusting for a number of confounding variables. Our results also suggest a significantly greater economic burden from a societal perspective, as health care resource use was significantly higher among those with AF. Lastly, our results suggest that AF is significantly associated with greater activity impairment. Overall, these results suggest a significant burden among patients with AF, higher than the burden observed for controlled asthma, with regards to the physical component of quality of life and the number of hospitalizations. 31 Despite that the majority of Japanese patients with AF are at high risk for a future stroke, many remain untreated. Interestingly, among untreated patients, more than 40% reported a previous treatment, and among treated patients, over a third reported nonadherent behaviors. Several factors were associated with nonadherence, including out-ofpocket costs for physician visits, which likely served as a proxy measure for comorbidities and the use of a rhythm medication. Interestingly, out-of-pocket costs for medications were associated with less nonadherence. Although the nature of this relationship is unclear, it is possible that patients in Japan may place greater value on medications that cost more and may be less likely to be nonadherent with their use. Both higher treatment satisfaction and fewer medications were associated with improved adherence. This highlights the need for better treatment alternatives.
Limitations
The limitations of this research should be noted. First, all data from the NHWS were self-reported, and no clinical verification of diagnoses or treatments were available. This is particularly relevant for the diagnosis of AF. Some patients may have erroneously reported that they have been diagnosed with AF, when they have not, and others may have failed to report a diagnosis they had actually received. These misclassifications would have introduced additional measurement error and would have weakened the relationships observed here, assuming the error was truly random. This is clearly a limitation, though patientreported data does provide the advantage of assessing information that can only reliably be obtained from the patients themselves (eg, health-related quality of life, satisfaction, etc). Also, the NHWS did not assess specific clinical subtypes of AF, and this would be a topic for future research. Finally, it is possible that the sample of patients with AF in the current study differs from the AF population in Japan. However, NHWS is nationally representative of the Japanese population with respect to age and gender, 13 and the demographic characteristics of the sample of AF patients matched a previous publication by Inoue et al. 2
Conclusion
Patients in Japan are generally similar to those in other geographic areas, with respect to age, comorbidity, risk status, and disease burden, though they differ markedly in the distribution of gender and body weight, emphasizing the importance of region-specific data to inform treatment decision making. In Japan, patients with AF reported significant decrements with respect to health-related quality of life, impairment in daily activities, and health care resource utilization. As a result, proper management of these patients is especially important. Most patients are at an elevated risk for a future stroke, yet only a minority of them receive adequate treatment, suggesting greater adherence to established guidelines is necessary. Among those who receive adequate treatment, medication adherence is a common problem, with nonadherence being associated with the number of medications and patient satisfaction with treatment. These findings suggest clinicians should be cognizant of the effect of pill burden and patient preference and how these may influence adherence.
